Bladder cancers account for 12,600 deaths and more than 56,500 new cases per year, with a male-to-female ratio of 2.7:1. 1 More than 90% of the bladder cancers are urothelial carcinomas. The papillary carcinomas outnumber the flat ones. The papillary urothelial tumors usually present as low grade at early stage and involve multiple sites. Although they often recur, they can be easily managed by local excision. 2, 3 According to the 1998 World Health Organization and International Society of Urological Pathologists classification, papillary urothelial neoplasms are classified as papilloma, urothelial carcinoma with low malignant potential, low-grade urothelial carcinoma, and high-grade urothelial carcinoma. 4 Diagnosing low-grade urothelial carcinoma (LGUC) on cytologic specimen is very difficult, because the tumor cells are well differentiated, they may exhibit only a slight degree of atypia, and they closely resemble normal urothelial cells. Separating them from reactive, regenerative and reparative changes is not always possible. Increased nuclear-to-cytoplasmic (N/C) ratio, irregular nuclear membrane, and cytoplasmic homogeneity were three key features reported by Raab et al. 5, 6 for diagnosing LGUC in cytospin specimens.
ThinPrep preparation (Cytyc, Boxborough, MA) was initially tested on nongynecologic specimens, as a monolayer preparation, and was then introduced as an alternative to the conventional preparation for cervical smear to remove obscuring elements and improve the diagnosis. 7, 8 In recent years, many laboratories have implemented the ThinPrep method in preparing nongynecologic specimens. The ThinPrep method provides a clear background with the absence of blood, cell debris, and inflammatory cells. However, ThinPrep alters the cellular morphology when compared with conventional preparations. Some of the reported cytologic alterations of ThinPrep specimens that may affect the interpretation of LGUC include fragmented papillary clusters, more single cells with apparent discohesion, cells appearing smaller and spindly, enhanced nucleoli, increased cytoplasmic density, and less vesicular chromatin. 9, 10 In the present study, we undertook to evaluate those previously described features in ThinPrep specimens and the most important cytologic features for diagnosing LGUC. 
Materials and Methods Cases

Evaluation
Three pathologists blindly reviewed each case separately and evaluated the selected previously described eighteen cytologic features. These features are increased N/C ratio, irregular nuclear border, cytoplasm homogeneity, cell clusters, high cellularity, prominent nucleoli, granular nuclear chromatin, hyperchromasia, acute inflammation, vesicular chromatin, nuclear molding, nuclear eccentricity, elongated nuclei, necrosis, anisonucleosis, fragments with irregular border, absent cytoplasmic collar (cytoplasmic rim between the nucleus and cytoplasmic membrane), and peripheral palisading. 5, 6 Samples of the above features are illustrated in Figure C 
Results
In biopsy-confirmed LGUC cases, the original diagnosis in ThinPrep washings, based on the three key criteria (increased N/C ratio, irregular nuclear membrane, and cytoplasmic homogeneity), had a sensitivity of 46% and specificity of 100%. The diagnosis of the ThinPrep voided urine samples gave a sensitivity of 18.4% and specificity of 100% (Table II) . The washings had a much better sensitivity than voided specimens, when these criteria were used.
Twelve features were statistically significant (P Ͻ 0.01) in frequency between LGUC and benign changes in both washings and voided urine samples. These twelve features are increased N/C ratio, cytoplasmic homogeneity, irregular nuclear borders, nuclear eccentricity, nuclear molding, anisonucleosis, hyperchromatic nuclear chromatin, elongated nucleus, absent cytoplasmic collar, granular nuclear chromatin, cell clusters, and necrosis (Table III) . Overall, the rate of incidence of these twelve features (except for necrosis) was much higher in washings than voided samples. Increased N/C ratio, irregular nuclear border, cytoplasmic homogeneity, and presence of several cell clusters had their highest incidence in the LGUC. Necrosis was present only in carcinoma cases and was rather infrequent. Table IV summarizes the sensitivity, specificity, positive predictive value and negative predictive value of the statistically significant twelve features for the diagnosis of LGUC. The increased N/C ratio, cytoplasmic homogeneity, and irregular nuclear border had high sensitivities (67.5%, 65.1%, and 57.1%, respectively) and specificities (82.2%, 84.4%, and 91.1%, respectively) on ThinPrep specimens. The positive predictive values (PPVs), which were all higher than 90%, were much higher than the negative predictive values, which were all lower than 50%. Nuclear eccentricity, nuclear molding, and anisonucleosis were also good predictors, with sensitivity and specificity 61.9% and 82.2%, 41.3% and 93.3%, and 34.1% and 97.8%, respectively. High cellularity, open chromatin, acute inflammation, irregularly bordered fragments, prominent nucleoli, and peripheral palisading were not statistically significant (P Ͼ 0.01) either in washings or voided urine samples (Table V) .
Discussion
In urine cytology, high-grade urothelial carcinoma and carcinoma in situ usually do not represent a diagnostic challenge. The urine samples in such cases are characterized by abundant cellularity, isolated and loose clusters of tumor cells with pleomorphism and polymorphism, high N/C ratio, enlarged and eccentric nucleus, hyperchromatic and coarse chromatin, irregular nuclear membrane, and vacuolated cytoplasm. 13 However, in LGUC, many of the above features do not occur frequently. Histologically, LGUC are characterized by an overall orderly appearance, but with easily recognizable variation of architectural and/or cytologic features. Cytologic atypia usually is definite but minimal, including changes in nuclear size, shape, and chromatin pattern. Therefore, the differentiation between low-grade tumor and benign reactive or reparative change is very difficult on cytologic specimens. 4, 5, 14 Increased N/C, irregular nuclear membrane, and cytoplasmic homogeneity have been proposed for diagnosing LGUC and, in combination, these three criteria had a 45% sensitivity and 98% specificity in conventional (cytospin) bladder washings. 5 Urine cytology is still one of the main approaches to follow-up evaluation of patients with urothelial carcinomas. 15, 16 There are two major types of urinary cytologic specimen: bladder washings (including catheterization specimens) and voided urine specimens. Voided urines are easy to obtain, and they represent the entire urinary tract. However, they usually have a low cellularity and carry a high incidence of degeneration and contamination. In contrast, bladder washings have a higher sensitivity, being more cellular with better cell preservation and less contamination. However, their collection is inconvenient and uncomfortable to the patient, and also carries an increased risk of infection. 15, 17 A previous study claimed that ThinPrep could achieve better cellular preservation, cleaner background and high cellularity in voided urine samples compared to conventional preparations. 18 In this study, we found that increased N/C ratio, irregular nuclear membrane, and cytoplasmic homogeneity were still three key criteria in diagnosing LGUC in ThinPrep samples. In combination, these three features had a sensitivity of 59% and a specificity of 100%. We noted a slight difference between our sensitivity in the second review and the original cytologic diagnosis, which is not statistically significant (59% vs 46%). This is probably due to the variation of different observers' criteria on identifying these cytologic features.
Because urine cytology is more important as a screening test, high sensitivity is desirable. If we used either two of the three key criteria, the diagnosis would have a much higher sensitivity of 79% and a decreased specificity of 91%. To overcome this obstacle, other important features such as eccentric nucleus, nuclear molding and anisonucleosis were introduced. If we used two of the three key features plus either one of these other important features as the diagnostic standard, the diagnosis would have a slightly decreased sensitivity of 77% and a markedly increased specificity of 97%. Although the three key cytologic features (increased N/C ratio, irregular nuclear membrane, and cytoplasmic homogeneity) had similar occurrences in ThinPrep samples, some cytologic alterations were noted in ThinPrep samples. In carcinoma cases, nuclear molding and anisonucleosis had much relative higher incidences in ThinPrep washing samples (62% and 58% vs 6% and 27%, respectively, in cytospin samples). In noncarcinoma cases, only 6% had open or vesicular nuclear chromatin compared with 22.0% in ThinPrep samples. 5 Nevertheless, this study confirms that despite such minor alterations ThinPrep produced well-preserved samples with even distribution of cells and noticeable absence of most obscuring elements, such as blood, inflammation, and proteinaceous background. The diagnostic criteria derived from conventionally prepared samples in diagnosing LGUC would still be applicable in ThinPrep samples. In addition, as we showed in the study, although the incidences of diagnostic cytologic features were relatively low in the voided urine samples when compared with washing samples, they shared similar patterns. Therefore, the diagnostic criteria applicable to washings would also apply to voided urine samples. LGUC, low-grade urothelial carcinoma. PPV, positive predictive value; NPV, negative predictive value; N/C, nuclear-to-cytoplasmic (ratio). LGUC, low-grade urothelial carcinoma.
